Chironomus melanotus Keyl, a new species of Polish fauna, is described on the basis of cytogenetic characteristics. It belongs to the cytocomplex thummi with the chromosome set 2n = 8, chromosome arm combinations AB CD EF G and speciesspecific karyotype markers.
INTRODUCTION
The main task of our society is to protect the environment and to find methods of detecting and assessing the impact of contaminants in ecosystems. The biological approaches have a number of advantages that make them particular suitable for assessing the dynamic process in the ecosystems (Walker et al. 1998) . Several end points have been employed in monitoring studies using chironomid species, such as species occurrence, mouthpart deformities and somatic genome alterations expressed in the larval salivary gland chromosomes (Saether 1975 , Bhattacharyay et al. 2005 .
In this paper, Chironomus melanotus Keyl, 1961 was analyzed cytotaxonomically, a new species in the Polish fauna, collected from Lake Łuknajno.
The larvae of this species were found in the Chara patches, which are widely distributed macrophytes in this lake. We also performed a detailed analysis of the salivary gland chromosomes of the species and their alterations under environmental agents (such as heavy metals and allelopathy) in Lake Łuknajno.
STUDY AREA
Lake Łuknajno (53°49'N, 21°38'E) is situated in the northeastern part of Poland in the Great Masurian Lakes Region. It is a shallow lake (mean depth -0.6 m; maximum depth -3.0 m) with a surface area of 623 ha. Due to its natural values, it has been protected as a Nature Reserve since 1937 and a UNESCO Biosphere Reserve since 1977. The immediate lake watershed, dominated by sandy, permeable soils, includes arable lands (55%), pastures and meadows (26%) and forests (18%) (Kufel, Kufel 1997) . The lake is surrounded by a wide belt of emergent plants. Łuknajno is a meso-eutrophic, hard water reservoir. Bottom sediments (calcareous gyttja) are highly mineralized and poor in mineral forms of nutrients (Kufel, Kufel 1997) . The taxonomic structure of the benthic fauna was described by Jabłońska-Barna (2007) and the cytotaxonomic characteristics of some Chironomus species, the main group of macrozoobenthos, was presented by Michailova and Jabłońska-Barna (2008) , Jabłońska-Barna and . To date, there has been no description of the taxonomic structure of species connected with submerged macrophytes, which cover about 50% of the lake bottom. Submerged vegetation is dominated by Chara species, which are able to produce some allelochemicals (sulfur, polyphenols, etc.) in the surroundings. The associations of Characeae occupied nearly 90% of the overgrown bottom area (Królikowska 1997) . In the lake, seven species of Chara were recorded with the dominance of Chara aculeolata and C. tomentosa. Four species remain green all year (Królikowska 1997) .
MATERIALS AND METHODS
The living material and sediments were sampled simultaneously from littoral of Lake Łuknajno in September 2011. Sediment samples (layer 0-10 cm) were collected from 3 sites. They were sieved through a 0.2 mm mesh. Three subsamples from each station were digested with 65% HNO3 using a Speed Wave (Berghof) microwave. The heavy metal concentrations in the solutions were analyzed using a Varian (Spectra AA-20) atomic absorption spectrophotometer. Standard Reference Material (NCS DC 73308) was used to estimate analytical accuracy for sediment samples. The measured concentrations and certified concentrations of analytical standards were as follows (in µg g -1 ): Cd (1.25 ±0.05, 1.12 ±0.08, respectively), Pb (28.5 ±0.5, 27 ±2), Cu (21.6 ±1.4, 22.6 ±1.3), Zn (43.2 ±0.5, 46 ±4), Mn (994 ±10, 1010 ±29), and Ni (29 ±0.9, 30 ±2) .
The index of geoaccumulation was calculated according to Müller (1981) .
Larvae of C. melanotus were collected from the patches of Chara sp. and fixed in alcohol/acetic acid (3:1) -a suitable fixation for cytogenetic analysis. We examined larvae of IV th instar, phase 6-7 (Wülker, Gotz 1968) , as this stage has well-banded polytene chromosomes. Preparations of polytene chromosomes were obtained from squashes of salivary gland cells stained with aceto-orcein (Michailova 1989) . C. melanotus was identified cytotaxonomically by specific markers of polytene chromosomes. The numbering of chromosomes follows Hirvenoja and Michailova (1991) . Arms A, E, F were divided following Keyl (1962) . The percentage of the cells with chromosome alterations (paracentric/pericentric inversions, deficiencies, deletions, polyploidy) was assessed. Chromosome aberrations were divided into two groups: somatic (affecting a few cells of an individual) and inherited (all cells of an individual) (Sella et al. 2004 ) and the somatic index was calculated following the described method (op. cit.).
Each specimen, together with chromosome preparation, larval capsule and body, was slidemounted in Euparal. The description of larval morphology follows Saether (1980 
RESULTS

Physicochemical parameters of the sediment
Sediment of Lake Łuknajno was characterized by 7.5-7.8 pH and a low amount (ca. 5%) of organic matter (expressed LOI). The concentrations of Cu, Zn, Mn, and Ni in the sediment were low, Pb was slightly elevated, while those of Cd were elevated ( Table 1) . The values of the index geoaccumulation showed that the sediment was unpolluted by Cu, Zn, Ni, and Mn, slightly polluted by Pb and strongly polluted by Cd ( 
Chromosome AB
Arm A: It is not distinguished from Chironomus plumosus (Linnaeus), described by Keyl (1962) as well as arm A of C. melanotus from Germany (Keyl 1961 (Keyl , 1962 and Finland (Hirvenoja, Michailova 1991) . It has the following chromosome band sequences ( Fig.  1a ):
Arm B: It has the same band sequences as the specimens from Germany (Keyl 1961) and Finland (Hirvenoja, Michailova 1991) . However, the dark bands of the specimens from Poland are thicker and the band sequences are ( Fig. 1a) : 20 -21-22 -23 -24 -25 -26 -27 -28 Chromosome CD
This chromosome has a large heterochromatin centromere region and thicker dark bands compared to the specimens from Germany (Fig. 1b) Arm C: Band sequences as in specimens from Germany (Keyl 1961) and Finland (Hirvenoja, Michailova 1991) , except for region 5-7 which is always active (Fig. 1b) . 1 -2 -3 -4 -5 -6 -7 -8 Arm D: Band sequences as in specimens from Germany (Keyl 1961) and Finland (Hirvenoja, Michailova 1991) (Fig.1b) .
Fig. 1. Salivary gland chromosomes of Chironomus melanotus
a. Chromosome AB -Numbering of the chromosome arms is according to Keyl (1962) and Hirvenoja, Michailova (1991) . An arrow indicates the position of the centromere region; b. Chromosome CD − Numbering of the chromosome arms is according to Hirvenoja, Michailova (1991) . An arrow indicates the position of the centromere region; c. Chromosome EF − Numbering of the chromosome arms is according to Keyl (1962) and Hirvenoja, Michailova (1991) . An arrow indicates the position of the centromere region; d. Chromosome G − Numbering of the chromosome arms is according to Hirvenoja, Michailova (1991) . An arrow indicates the position of the centromere region; N − Nucleolar Organizer. Müller (1981) : a -unpolluted sediment, b -slightly polluted, c -strongly polluted.
Chromosome EF
Arm E: Band sequences as in specimens from Germany (Keyl 1961) and Finland (Hirvenoja, Michailova 1991) . The bands sequences coincided with those of C. plumosus (Fig. 1c) Arm G: Both homologues are always unpaired. The nucleolar organizer is located at the end of the arm. The centromere region of one homologous of chromosome G is very often at the telomere, while in the other, it is before the telomere: one homologous is acrocentric and the other is telocentric (Fig. 1d) .
Larval morphology
Dark red body, length up to 18 mm, plumosus type (a pair of very short lateral tubules and 2 pairs of ventral tubules longer than the posterior parapodia). Head yellow with dark gula. SI simple, about 60 μm long, with hairs on one side, apical hairs on both sides. SII simple, about 100 μm long.
Premandible pale, with 2 teeth (Fig. 2a) . The ventral tooth thinner and slightly shorter than the dorsal tooth. Pecten epipharyngis with 12-14 teeth (Fig. 2a) .
Mandible. Apical tooth, 1 st and 2 nd inner teeth dark, 3 rd inner tooth and dorsal tooth pale. Subdental setae simple, about 20 μm long. First and second internal setae simple, 3 rd and 4 th branched (Fig. 2b) .
Antenna about 215 μm long. Length proportions of segments: 10:8:2:2:1. The antennal blade reaching 5 th segment. RO located in the proximal part (onethird of the length) of the first segment (Fig. 2c) Mentum dark with trifid median tooth (43-50 μm wide); shorter relative to nearest lateral tooth; 6 pairs of lateral teeth; 1 st and 2 nd very close to each other; 4 th smaller than 2 neighboring teeth (Fig. 2d) . Lateral teeth decreasing from 1 to 4; 5 th tooth higher than 4 th and 6 th . The inner surface of ventromental plates is serrated (Fig. 2e) .
Certain chromosome alterations can be detected in every studied individual. However, 10 individuals have malformations in the submentum and pecten epipharyngis.
Chromosome variability
Two types of chromosome rearrangements were detected in the studied population: the inherited type, which affected all cells of an individual and the somatic one, which appeared in few cells of the studied individuals. The somatic index is 0.54. Inherited aberrations: a complex heterozygous inversion (13.5%) was found in arm D (Fig. 3a) . Somatic aberrations: paracentric inversions, deficiencies and deletions were detected: they occurred with low frequency and affected several bands of the chromosome arms A, B, C, D, E, F. For the frequency and location, see Table 2 and Fig. 3b , c, d. Homozygous deletions were observed only in chromosome G, which converted this chromosome into a small heterochromatin body (Fig. 3d) .
Together with chromosome alterations, genome aberrations realized by "B" chromosome are detected (Fig. 4a) . A trisomy in chromosome arms A, B, C, E, F, G was observed in 6 individuals. The presence of three homologues was observed in chromosome arms in different specimens, which was more evident in the distal regions of chromosome arms. In one individual, a trisomy could be observed either for one arm or for two arms. It was more evident in the distal region of arm E (Fig. 4b ) or in the middle of arm B.
There were also other interesting results. In every studied individual in the mosaic state, an ectopic pairing between centromere regions was observed: centromeres of AB and CD, AB and EF, AB, CD and EF, AB and G etc. Two or three of these centromeres may join and form the so-called "pseudochromocenter". In addition, an ectopic pairing of telomeres was detected. Ectopic pairing can be found either by conjugation of two centromeres or by a bridge connecting two centromeres or a centromere with a telomere. In 5 individuals in the mosaic state, the telomeres of chromosomes AB CD EF appeared in active grain structure. An asynapsis in some chromosome arms (A, E, F) appeared in all the individuals studied.
In the mosaic state, the centromere regions of chromosomes CD and EF were in the heterozygous state in four individuals (Fig. 5) .
Certain chromosome alterations were detected in every studied individual. Specimens without alterations were not observed. Some malformations were detected: 7 on the submentum and 3 on the epipharyngis (altogether 10.27%). Malformations on the submentum are realized by a fusion of medium (Fig. 6 ) or lateral teeth, as well as by the absence of the medium teeth. Malformations affecting the pecten epipharyngis appeared as double teeth or some teeth are not developed. 
DISCUSSION
The sediment analysis of some trace elements in Lake Łuknajno showed that the concentrations of Cu, Zn, Mn, and Ni in the sediment were similar or lower than those detected in unpolluted lakes of Poland (Solecki, Chibowski 2000; Sobczyński, Siepak 2001) , and were considerably lower compared to polluted water bodies situated near cities (Szyper et al. 1994) or within industrial regions (Michailova et al. 2012) . Only the concentration of Cd in the sediment of Lake Łuknajno was similar to the "probable effect level" PEL (Smith et al. 1996) above which its adverse effect on organisms is expected to occur frequently. The detected elevated concentration of Cd and Pb in the sediment of Lake Łuknajno was probably related to fertilizers present in soil, because the lake is strongly affected by its agricultural watershed (Kufel, Kufel 1997) . Very often, nitrogen fertilizers may contain high concentrations of Cd (0.05-8.5 µg g -1 ), while phosphate fertilizers may contain Cd (0.1-170 µg g -1 ) and other heavy metals (Pb 7-225, 1-300 Cu, Zn, 50-1450, Mn 40-2000 µg g -1 ) (Kabata-Pendias, Pendias 1999).
Most charophytes require hard waters with relatively high alkalinity (Kufel, Kufel 2002) , such as in Lake Łuknajno (Kufel, Kufel 1997 ). In such conditions, the external cell wall in numerous species of Chara is covered by calcium carbonate incrustation of varied thickness. The degree of calcification increases with age of a plant (Siong, Asaeda 2009) . Two processes are involved in the accumulation of trace metals from the water by Chara: (1) surface adsorption on the calcium carbonate deposit and (2) biological absorption (Beaugelin-Seiller et al. 1995) . Carbonate incrustation plays a key role in the accumulation of elements such as Cd, Zn and Mn (Siong, Asaeda 2009; Urbaniak 2006 Urbaniak , 2010 . However, the knowledge of these phenomena is limited. Experimental studies have shown that the amount of Cd bound to the carbonate fraction in Chara samples may reach 73% (Siong, Asaeda 2009 ). Other studies (Lucas, Smith 1973) showed pH changes on the surface of Chara corallina cells during illumination and darkness. Therefore, a partial release of metals from the carbonate incrustation is possible. Changes in metal concentrations near the stem of Chara are important because the Chironomidae larvae for cytogenetically studies were found there. In general, Chara can accumulate heavy metals in large concentrations even in a small polluted aquatic ecosystem (Lacerda et al. 1992; Siong, Asaeda 2009; Clabeaux 2011) . A thick marl bottom sediment layer frequently occurs below charophyte meadows, because the biomass of this species is concentrated at the bottom of the lake (Lee 1989) . The sediment of Lake Łuknajno was also composed of calcareous gyttja (Kufel, Ozimek 1994) and had a low content of organic matter, as evidenced by the present study. Charophyte calcite may be important in the longterm storage of calcium (Ca) and other elements in the sediment during plant senescence and decomposition (Siong, Asaeda 2009 ).
Although Chara species produce different allelochemicals (sulfur, polyacetylenes, polyphenols, oxygenated fatty acids) (Gross 1999) , which affect plants and invertebrates found in the lake, Chara species are known to exert allelopathic effects on aquatic species and on planktonic algae (Antoni et al. 1980) . The polytene chromosomes of the species C. melanotus, whose larvae have been found in patches of Chara, are very sensitive to some agents in the environment and show great genome instability. A high spectrum of somatic chromosome rearrangements has been found for the first time in this species. Lagadic and Caquet (1998) , Sella et al. (2004) , Michailova et al. (2009) and Michailova (2011) demonstrated that somatic alterations can be used as a biomarker for assessing the genotoxic effect of some environmental agents, especially trace metals, and they might be induced by stress agents in the environment. A high spectrum of somatic rearrangements was also reported for C. riparius, C. piger, C. plumosus and C. bernensis collected from trace metal polluted aquatic sites in different European populations (Michailova et al. 1996; Sella et al. 2004; Michailova et al. 2009 ).
A very rare event -a trisomy, which affected almost all chromosome arms of the species -was found in the studied species for the first time together with somatic chromosome rearrangements. Furthermore, the additional compact heterochromatin "B" chromosome observed in the population is new for the species. We can demonstrate for the first time that the Chara species might have also some effect on another group of organisms (insects -the larva stage of Chironomidae, a group very important for the aquatic ecosystem). The larvae of the studied species have been found on Chara and they developed the normal and rich fourth larva stage. However, the chemical compounds in the Chara species may have a strong effect on the presence of such a high spectrum of somatic aberrations in the salivary gland chromosomes. It is a well-known fact that somatic aberrations indicate the genotoxicity of different chemicals, trace metals, pesticides, etc. (Michailova 2011) . It is quite possible that allelochemicals in Chara do not inhibit the growth of Chironomid larvae but, together with some trace metals (Cd and Pb), have some genotoxic effect expressed by a wide spectrum of somatic chromosome alterations, including a supernumerary "B" chromosome and a very rare phenomenon -a trisomy. Such a wide spectrum of somatic aberrations has been never reported in this species from other Palaearctic populations (Wülker 1973; Hirvenoja, Michailova 1991) . Additionally, we observed a high level of morphological deformations in the mouth part of the larvae. The occurrence of deformed mouth parts in populations from uncontaminated sites is generally less than 1%. Higher percentage (5-25%) is considered to be an indicator of strongly polluted sites (Wiederholm 1984) . The occurrence of head capsule deformations of 49% classifies the habitat as "Toxic Fair" in terms of water quality in situations of organic (Lenat 1993) and heavy metal contaminations (Al-Shami et al. 2010) . Michailova et al. (2000 found that the Chironomid genome is more sensitive to trace metal pollution than the larval external morphology. The high frequency of malformations established in C. melanotus from Lake Łuknajno, together with high sensitivity of its genome, might be caused by chemicals produced by some macrophytes, such as Chara. Once again, we would like to stress that larvae of C. melanotus developed in Chara patches, whose chemical compounds may have induced such a high level of genome and phenotype alterations. This idea is supported by the finding that substances isolated from Chara species have toxic and cytotoxic effects on other organisms (Berger, Schagel 2004) . Aquatic macrophytes have long been suspected of suppressing the phytoplankton growth through the excretion of chemical substances (Hutchinson 1975) . It was found that some macrophytes were able to release polyphenols in the surrounding water and suppress some growth of cyanobacteria and green algae (Gross, Sutfeld 1994) . The effect of Chara species on different green algae and algal community structures is particularly interesting, which indicated a speciesspecific response to chemical compounds of the Chara species (van Nes et al. 2002) .
The increased spectrum of chromosome rearrangements may have been caused by toxic substances, such as a combination of heavy metals and allelochemicals produced by the Chara species. A common molecular mechanism in the toxicity of many xenobiotics may be caused by the production of so-called free radicals, which may result in a condition known as 'oxidative stress' (Stohs and Bagchi 1995) . The free radicals are formed in the cells by ionizing radiation (by different chemicals) and are considered to be an important factor in the generation of free radicals and the formation of DNA damage in target cells.
Further research is required with different concentrations of Cd and allelochemicals extracted from Chara to determine which chemical substances induce genome instability in C. melanotus.
